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The effect of rapid weight reduction with supple-
mented fasting was studied in a group of 46 in-
dividuals with moderate to severe obesity. The
preparation used contained a mixture of protein,
carbohydrate, and essential fatty acids providing
420 kcal daily. It was supplemented with a com-
plement of electrolytes, minerals, and vitamins.
Serum concentrations of electrolytes, urea ni-

trogen, creatinine, uric acid, glucose, cholesterol,
and triglycerides were measured prior to the on-
set of the study and at two-week intervals for a
six-week study period. In addition, blood pres-
sure, heart rate, and body weight were recorded
regularly. A mild and transient fall in serum bi-
carbonate concentration and a rise in uric acid
level was observed.

In contrast to other regimens, hypokalemia was
not observed in the present study. In fact, serum
K+ concentration rose slightly while serum Na+
concentration remained virtually unchanged.
There was a transient rise in serum creatinine
concentration followed by a fall to values below
the baseline. Serum glucose, cholesterol and tri-
glyceride levels, blood pressure, and heart rate
decreased significantly. Body weight fell from
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232.7 ± 58 lb at the onset of the study to 176.4
± 47.9 lb at the conclusion of the study.
The protocol was well tolerated and the side

effects were mild and infrequent. In conclusion,
the present protocol provides a safe and effective
means for rapid weight reduction in individuals
with moderate to marked obesity without pro-
ducing severe electrolyte disturbances seen with
other modalities.

Obesity is a common disorder that may lead
to various complications including hypertension,
congestive heart failure, diabetes mellitus, and isch-
emic heart disease.1 4 A variety of treatment modal-
ities have been employed to control obesity, with
variable results. Supplemented fasting has been widely
used in the management of morbid obesity. Although
initial attempts were fraught with severe complica-
tions, including deaths,5 recent trials of the modified
regimens have proven to be safe and effective.68 In
this paper the findings of a survey of serum lipids,
electrolytes, and blood pressure in 46 patients treated
with supplemented fasting are reported.

METHODS
Patients

Forty-six obese individuals (37 women and 9 men)
with a mean age of 41 years were included in the
study (Table 1). The patients were accepted only if
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TABLE 1. DESCRIPTIVE CHARACTERISTICS OF
STUDY GROUP (n = 46)

Characteristic Measurement

Sex
Male (%) 19.6 (n = 9)
Female (%) 80.4 (n = 37)

Mean age (yrs) 41.4 (SD = 10.7)
Mean initial weight (lb) 232.7 (SD = 57.9)

referred by a physician. An informed consent was
obtained prior to enrollment into the program. The
criteria for participation in the study included severe
obesity, ie, body weight at least 25 percent greater
than the calculated ideal value. Individuals with type
I diabetes mellitus, previous history ofhepatocellular
disease, cardiovascular disease, alcoholism, renal
failure, drug addiction, and psychiatric disorders were
excluded from the study.

Before being placed on the dietary regimen, all pa-
tients had normal results on the following tests: liver
function tests, complete blood count, urinalysis, blood
urea nitrogen (BUN), creatinine, electrolytes, uric
acid, thyroid function tests, chest roentgenogram, and
electrocardiogram.

Protocol
Patients were placed on a controlled diet (Optifast,

Sandoz Nutrition Corp, Minneapolis, Minn) con-
sisting ofcarbohydrate 30 g, protein 70 g, and essential
fatty acids 2 g providing 420 kcal per day. The prin-
cipal ingredients included calcium caseinate, egg
white solids, corn syrup solids, lecithin, and partially
hydrogenated soybean oil (Table 2). All conventional
foods were discontinued, and the diet was supple-
mented with 600 mg ofcalcium, 600 mg ofpotassium
chloride, 350 mg of phosphorus, 150 mg of magne-
sium, and a complement of various vitamins, min-
erals, and trace elements to prevent deficiency states.
It should be noted that the safety of this regimen had
been previously verified in a large series of pa-
tients.6-8 The participants were given a one-week
supply of the dietary compound at the onset of the
program and were instructed to return once a week
for additional supplies as well as clinical evaluation.
They were highly motivated and compliant and, in
fact, paid to participate in the program. The partici-

pants were strongly advised against alcohol con-
sumption during the study period and did not take
any medications.
The initial clinical evaluation included a complete

medical history, physical examination, and afore-
mentioned laboratory tests. Subsequent to the insti-
tution of the supplemented fasting protocol, the pa-
tients were evaluated and body weight, vital signs,
and results ofthe above laboratory tests were recorded
every two weeks for the duration ofthe program. Di-
etary regimen was continued for six weeks, after which
the patients were tapered off the diet.

Statistical Analysis

The data are presented as mean ± SD. Data anal-
yses were performed on a mainframe computer using
the SPSS statistical package.9 Change over time in
serum chemical values, weight loss, blood pressure,
and heart rate was evaluated by means of repeated
measures, multiple analysis of variance (MAN-
OVA).'0 The MANOVA evaluated within subjects vs
between individual changes. It tested the null hy-
pothesis that there were no differences between the
mean scores at each observation period of the study.
A significant F value indicated that changes over time
were greater than variation within individuals and
suggested that a significant trend existed in the data.
An additional contrast analysis was performed to de-
termine whether individual cell means for any single
observation period differed significantly from the re-
maining cells for the other observation periods. For
the contrast analysis a significant F value indicated
that a particular cell mean differed significantly from
all other cell means.

RESULTS

Body Weight

Body weight prior to the onset ofthe diet (baseline)
was 232.7 ± 58.0 lb. Weight loss occurred throughout
the observation period but was greatest between the
fourth and sixth weeks (P < .001) (Table 3). Body
weight at the conclusion ofthe study was 176.4 ± 47.9
lb, representing a significant reduction as compared
with the baseline value (P < .001).
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TABLE 2. NUTRIENT BREAKDOWN OF OPTIFAST 70

Unit of 0.86 oz Powder* Amino Acid Content
Nutrients Measurement (1 serving) (g per 100 g protein)

Protein 9 14
Carbohydrate 9 6.0 Essential Amino Acids
Fat g less than 1 g
Calories 80 L-lsoleucine 5.45
Vitamin A IU 1000 L-Leucine 9.28
Vitamin D IU 80 L-Lysine 7.52
Vitamin E IU 6.0 L-Methionine 3.02
Vitamin C mg 18 L-Phenylalanine 5.44
Folic acid mg 0.08 L-Treonine 4.24
Thiamine mg 0.45 L-Tryptophan 1.26
Riboflavin mg 0.52 L-Valine 6.52
Niacin mg 4.0
Vitamin B6 mg 0.60 Nonessential Amino Acids
Vitamin B12 Ag 1.2
Biotin mg 0.072 L-Alanine 3.91
Pantothenic acid mg 2.0 L-Arginine 4.21
Calcium 9 0.2 L-Aspartic acid 7.17
Phosphorus 9 0.2 L-Cystine 0.81
Iodine ,u 30 L-Glutamic acid 20.58
Iron mg 3.6 Glycine 2.43
Magnesium mg 80 L-Histidine 2.67
Copper mg 0.40 L-Proline 11.00
Zinc mg 3.0 L-Serine 6.37
Potassium mg 390 L-Tyrosine 5.23
Sodium mg 180
Manganese mg 0.80
Selenium Ag 30
Chromium Ag 30
Molybdenum Ag 60
Vitamin K zg 20
Choline mg 20
Chloride mg 0.44
* 0.88 oz powder per serving for chocolate flavor only.
Each subject received five packets (either vanilla or chocolate) per day at four-hour intervals.
Composition (vanilla flavor): Calcium caseinate, fructose, pasteurized egg white, sugar, potassium citrate, monoammonium
phosphate, nonfat dry milk, salt, artificial flavor, corn syrup solids, lecithin, calcium phosphate, mono- and diglycerides,
magnesium oxide, choline bitartrate, partially hydrogenated soybean oil, sodium caseinate, high selenium yeast, ascorbic
acid, ferrous sulfate, high chromium yeast, aspartame, zinc sulfate, alpha tocopheryl acetate, niacinamide, copper glu-
conate, manganese sulfate, d-calcium pantothenate, vitamin K, pyridoxine, hydrochloride, riboflavin, vitamin A palmitate,
thiamine hydrochloride, folic acid, d-biotin, potassium iodide, sodium molybdate, vitamin D, cyanocobalamin.

Glucose, Uric Acid, and Electrolytes

Changes of serum electrolyte concentrations are
shown in Table 3. Serum levels ofsodium, potassium
chloride, and bicarbonate were within the normal
limits at the onset of the study. A statistically signif-
icant decrease (P < .001) from baseline level occurred
at the end of the second week for serum bicarbonate
concentration. Thereafter, the values began to rise
approaching baseline values six weeks after the onset

of the study. The minimum serum bicarbonate level
calculated as the mean of the lowest values observed
in each individual studied was 20.2 ± 3.8 mEq/L,
representing a significant fall (P < .001) as compared
with the baseline value. The anion gap increased from
a normal baseline value to its peak value at four weeks.
Thereafter, the anion gap began to fall but remained
above the baseline level by the sixth week. The ob-
served trend was highly consistent and statistically
significant (P < .001). The peak anion gap attained
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TABLE 3. CHANGES IN BODY WEIGHT, SERUM ELECTROLYTES, BUN, CREATININE, URIC ACID,
AND GLUCOSE IMMEDIATELY BEFORE THE INSTITUTION OF DIET (BASELINE)

AND AT TWO, FOUR, AND SIX WEEKS (n = 46)

Study Period

Measurement Baseline 2 weeks 4 weeks 6 weeks

Wt (lb) 232.7 (±57.9) 219.2 (±52.9) 209.5 (±50.9) 176.4 (±47.9)
Sodium* 139.6 (±3.0) 139.1 (±2.8) 140.3 (±3.8) 139.8 (±3.0)
Potassium chloride* 4.0 (±0.4) 4.3 (±0.4) 4.2 (±0.3) 4.3 (±0.4)
Bicarbonate* 24.9 (±3.2) 21.8 (±2.8) 22.6 (±3.3) 23.2 (±4.3)
BUN** 14.2 (±3.1) 14.2 (±3.4) 13.2 (±3.4) 13.6 (±4.2)
Creatinine** 0.9 (±0.2) 1.0 (±0.2) 0.9 (±0.2) 0.9 (±0.2)
Uric acid** 5.0 (±1.7) 5.8 (±2.1) 4.8 (±1.4) 4.3 (±1.2)
Glucose** 99.2 (±22.5) 84.5 (±12.22) 85.5 (±13.4) 89.3 (±12.8)
* mEq/L.
** mg/dL.

during the study period (calculated from the highest
values observed) was 18.2 ± 4.0 mEq/L, representing
a significant increase as compared with the baseline
values (P < .001). As expected, the changes in serum
bicarbonate concentration were inversely related to
the changes in the anion gap. Interestingly, the degree
ofthe observed alterations in these measurements did
not significantly correlate with the magnitude of
weight reduction.

Serum potassium concentration showed a mild but
significant rise (P < .005) within the normal range.
This change became evident at the second week and
persisted throughout the study period. Serum sodium
concentration remained virtually unchanged
throughout the study period. Although serum calcium
and inorganic phosphorus concentrations rose slightly
during the study period, the observed changes were
not considered significant.

Fasting serum glucose concentration was within
the normal range at the onset of the study and fell
significantly (P < .0001) by the second week. It then
rose slightly during the remainder ofthe study period
but always remained significantly below the baseline
level. These alterations were not proportional to the
magnitude of weight reduction.
A significant increase in serum uric acid (P < .001)

was observed at two weeks but was followed by a
decline to values below the baseline levels. Although
statistically significant, the mean value for the highest
uric acid levels observed during the observation period
(6.0 ± 1.9 mg/dL) did not appear to be of clinical

significance. Values exceeding 9 mg/dL were observed
in two patients.

BUN and Creatinine Levels
Changes in BUN and serum creatinine concentra-

tions are shown in Table 3. There was a slight but
nonsignificant decrease in BUN concentration during
the study period. In contrast, serum creatinine showed
a significant rise at the end of the second week, after
which it began to decline, reaching a value slightly
below the baseline level at the end of the observation
period. This trend was statistically significant (P
< .001).

Serum Lipids, Blood Pressure,
and Pulse Rate

Both serum triglycerides and cholesterol values de-
creased during the study period. Serum cholesterol
reached its nadir at the end of four weeks (P < .001).
Serum triglyceride levels declined significantly (P
< .001) throughout the study, with the lowest value
recorded at the end of the sixth week. Systolic and
diastolic blood pressure at the onset ofthe study were
141 ± 17 mmHg and 90 ± 10 mmHg, respectively.
Both systolic and diastolic blood pressures fell sig-
nificantly (P < .001) during the study period, with
the lowest values recorded at the end ofthe sixth week.
Similarly, the pulse rate decreased significantly (P
< .001), with the lowest values recorded at the end
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TABLE 4. CHANGES IN BLOOD PRESSURE (BP), PERIPHERAL PULSE RATE, SERUM CHOLESTEROL, AND
SERUM TRIGLYCERIDE LEVELS IMMEDIATELY BEFORE THE INSTITUTION OF DIET (BASELINE)

AND AT TWO, FOUR, AND SIX WEEKS (n = 46)

Study Period

Measurement Baseline 2 weeks 4 weeks 6 weeks

Systolic BP mmHg 141 ± 18 127 ± 18 125 ± 10 118 ± 20
Diastolic BP mmHg 90 ± 10 81 ± 10 81 ± 5 78 ± 6
Mean arterial pressure 106.9 ± 11.4 96.5 ± 11.5 95.6 ± 5.8 91.1 ± 9.4
Pulseratecounts/min 80 ± 11 74 ± 9 72 ± 7 68 ± 8
Cholesterol mg/dL 228.6 ± 53.6 177.7 ± 53.7 167.4 ± 45.0 195.4 ± 45.3
Triglyceride mg/dL 167.7 ± 87.1 114.8 ± 48.6 113.6 ± 48.4 113.8 ± 53.0

ofthe study. No significant correlation was found be-
tween the alterations in blood pressure, cholesterol,
and triglyceride measurements with changes in body
weight. These findings are shown in Table 4.

Symptoms

Side effects were of minimal severity and preva-
lence and consisted largely of dizziness (39.1 percent),
constipation (17.4 percent), and muscle cramps (10.9
percent).

DISCUSSION

The present study substantiates the efficacy ofsup-
plemented fasting in the treatment of moderate to
severe obesity. At six weeks the mean weight loss was
56.3 lb, representing an average loss of 1.3 lb per day.
The observed weight loss was associated with a sig-
nificant fall in serum cholesterol and triglyceride lev-
els. Serum triglyceride levels decreased steadily during
the study period to 68 percent of the baseline value
in six weeks. Mean serum cholesterol value fell to less
than 200 mg/dL after two weeks and remained below
the baseline value throughout the study. These find-
ings are in agreement with those described in a num-
ber of other reports.' 1-14 Contrary to these observa-
tions, Palgi et al'5 have shown an increase in serum
cholesterol following weight reduction in their female
subjects. Of the 37 women evaluated in the study
reported herein, only five showed a modest rise in
serum cholesterol values, while the majority exhibited
a substantial fall. In fact, the mean serum cholesterol

value in these 37 women fell by 13.3 percent after six
weeks of dietary restriction, demonstrating the hy-
pocholesterolemic effect ofthis regimen in both sexes.
The reduction in body weight was accompanied

by a significant fall in blood pressure. This finding
confirms earlier reports that demonstrated a decrease
in blood pressure with weight loss without the use of
antihypertensive medications.",'15,16 Several
mechanisms have been proposed to explain this phe-
nomenon. Decreased salt 'intake was proposed by
Dahl et al,'7 in 1958, to be the major factor in lowering
blood pressure during weight loss; however, more re-
cent data have shown that blood pressure can fall
despite sodium supplementation.'8 A fall in plasma
renin activity (PRA) with weight loss has been dem-
onstrated by several investigators'6' 19,20 and has been
proposed to contribute to the observed hypotensive
effects. Controversy exists as to the role ofaldosterone,
since some authors have shown parallel reduction in
plasma aldosterone concentration and PRA'6 while
others have noted a dissociation between the two
measurements.'9'20 Increased sympathetic tone has
been implicated in the pathogenesis of hypertension
associated with obesity. In fact, plasma norepineph-
rine and epinephrine levels are elevated in obesity
and fall with weight reduction.21'22 Thus the hypo-
tensive effect ofweight loss could be in part the result
ofattenuation ofthe cardiovascular effects ofthe cat-
echolamines as well as a decrease in catecholamine-
mediated renin release.

Previous reports ofdeaths associated with very low
caloric diets, especially those ofpoor biological quality
protein and little or no mineral and vitamin supple-
ments, implicated electrolyte disturbances as a likely
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cause of life-threatening arrhythmias. Frank et a15
have described overt hypokalemia in a large number
ofpatients treated in this manner. With adequate po-
tassium supplementation, however, hypokalemia did
not occur in the study patients. In fact, serum potas-
sium rose slightly during the study period. A number
of factors may have been responsible for the observed
rise in serum potassium. Mild metabolic acidosis,
from starvation ketosis, hypoinsulinemia associated
with fasting, and the previously reported fall in plasma
catecholamines2' 22 can promote extracellular distri-
bution of this cation and thereby contribute to a rise
in its serum concentration. Likewise the catabolic
state associated with severe caloric restriction may
further contribute to the release of potassium to the
extracellular space. These changes along with the
substantial K+ supplementation employed in the
present regimen and the reported fall in renin and
aldosterone levels,'6 which can limit urinary K+ ex-
cretion, may account for the mild rise in serum K+
observed in the present study.
The observed reduction in serum bicarbonate level

and the accompanying rise in anion gap noted in the
study patients signify a metabolic acidosis caused by
starvation ketosis. This was clearly mild and required
no intervention. The magnitude of the observed
changes was greatest early in the course of the study
with a gradual return toward normal values achieved
by the end of the sixth week. Hyperuricemia seen in
this study confirms earlier reports by other
investigators23 and is presumed to be the result of
reduced renal excretion of uric acid caused by com-
petition of ketoacids for its tubular transport.'4

Fasting serum glucose level was within the normal
range prior to the onset of the study and significantly
decreased during the study period. Similar observa-
tions have been made previously and supplemental
fasting has been used in the treatment of overweight
patients with type II diabetes.6 Although the precise
mechanism responsible for this phenomenon is not
known, considerable evidence demonstrated the as-
sociation of obesity with insulin resistance and com-
pensatory hyperinsulinism. Accordingly, weight re-
duction restores insulin sensitivity and thereby lowers
blood glucose and insulin levels.6'24'25 The slight rise
in serum creatinine concentration observed early in
the course of supplemented fasting probably repre-
sents a mild pre-renal state associated with previously
demonstrated increased fluid and electrolyte losses

that occur shortly after the onset of starvation.11'20
This was readily reversed with adequate fluid and
electrolyte supplementation employed in the present
study.

In conclusion, supplemented fasting is safe and ef-
fective for rapid weight reduction in exogenous obe-
sity. Side effects are minimal and the therapy is well
tolerated. Changes ofserum electrolytes noted during
the six-week study period were quite mild, and hy-
pokalemia reported with other modalities was not
seen with this regimen. Likewise, acidosis and hy-
peruricemia were generally mild and transient. Ben-
eficial effects observed, other than weight loss, in-
cluded significant reductions in fasting blood glucose,
serum cholesterol, and triglyceride concentrations as
well as a decrease in blood pressure.

Literature Cited
1. Hubert HB, Feinleib M, McNamara PM, et al. Obesity as

an independent risk factor for cardiovascular disease: A 26-yr
follow-up of participants in the Framingham heart study. Circu-
lation 1983; 67:968-977.

2. Kannel WB, Gordon T. Some determinants of obesity and
its impact as a cardiovascular risk factor. In: Howard A, ed. Recent
Advances in Obesity Research: Proceedings of the First Inter-
national Congress on Obesity. London: Newman Publishing, 1975
pp 14-27.

3. Mann GV. The influence of obesity on health. N Engl J
Med 1974; 291(4):178-185; 1974; 291(5):226-232.

4. Reisin E, Abel R, Modan M, et al. Etect of weight and
salt restriction on the reduction of blood pressure in hypertensive
patients. N Engl J Med 1978; 298(1):1-6.

5. Frank A, Graham C, Frank S. Fatalities on the liquid protein
diet: An analysis of possible causes. Int J Obes 1981; 5:243-
248.

6. Genuth S. Supplemented fasting in the treatment of obesity
and diabetes. Am J Clin Nutr 1979; 32:2579-2586.

7. Vertes V, Genuth SM, Hazelton IM. Supplemented fasting
as a large scale outpatient program. JAMA 1977; 238:2151-
2153.

8. Vertes V. Supplemented fasting: A perspective. Drug Ther
1978; 3(9):37-42.

9. SPSS, Inc. SPSS User's Guide, ed 2. New York; McGraw-
Hill, 1986.

10. Kreitzman SN, Pedersen M, Budell W. Safety and effec-
tiveness of weight reduction using a food. Arch Intem Med 1984;
144:747-750.

11. Lindner PG., Blackburn GI. Multidisciplinary approach to
obesity utilizing fasting modified by protein-sparing therapy.
Obesity/Bariatric Med 1976; 5:198-216.

12. Schouten JA, Van Gent CM, Popp-Snijders C, et al. The
influence of low calorie (240 kcal/day) protein carbohydrate diet
on serum lipids on obese subjects. Int J Obes 1981; 5:330-340.

13. Valenta LS, Elias AN. Modified fasting in treatment of
obesity: Effects on serum lipids, electrolytes, liver enzymes, and
blood pressure. Postgrad Med 1986; 79(4):263-267.

14. Weschsler JG, Hutt OV, Wenzel H, et al. Lipids and lipo-
proteins during a very low calorie diet. Int J Obes 1981; 5:325-
331.

808 JOURNAL OF THE NATIONAL MEDICAL ASSOCIATION, VOL. 80, NO. 7, 1988



SUPPLEMENTAL FASTING

15. Palgi A, Read L, Greenberg I, et al. Multidisciplinary treat-
ment of obesity with a protein-sparing modified fast: Results in
668 outpatients. Am J Public Health 1985; 75(10):1 190-1194.

16. Tuck ML, Sowers J, Dornfeld L, et al. The effect of weight
reduction on blood pressure, plasma renin activity and plasma
aldosterone level in obese patients. N EngI J Med 1981; 304(16):
930-933.

17. Dahl LK, Silver L, Christie RW. The role of salt in the fall
of blood pressure accompanying reduction in obesity. N EngI J
Med 1958; 258(24):1186-1192.

18. Gillum RF, Prineas RJ, Jeffrey RW, et al: Non-pharma-
cologic therapy of hypertension: The independent effects of
weight reduction and sodium restriction in overweight borderiine
hypertensive patients. Am Heart J 1983; 105(1):128-133.

19. Boulter PR, Spark RF, Arky RA. Dissociation of the renin-
aldosterone system and refractoriness to the sodium-retaining
action of mineralocorticoid during starvation in man. JCE 1974;
38(2):248-254.

20. Chinn RH, Brown JJ, Fraser R, et al. The natriuresis of
fasting, relationship to changes in plasma renin and plasma al-
dosterone concentrations. Clin Sci 1970; 39:437-455.

21. Jung RT, Shetty PS, Barrand M, et al. Role of catechol-
amines in hypertensive response to dieting. Br Med J 1979; 1:
12-13.

22. Tuck ML, Sowers JR, Dornfeld L, et al. Reductions in
plasma catecholamines in blood pressure during weight loss in
obese subjects. Acta Endocrinol (Copenh) 1983; 102:252-257.

23. Drenick EJ. Swendseid ME, Blahd WH, et al. Prolonged
starvation as treatment for severe obesity. JAMA 1964; 187(2):
100-105.

24. Archer JA, Gordon R, Roth J. Defect in insulin binding to
receptors in obese man. Amelioration with caloric restriction. J
Clin Invest 1975; 55:166-174.

25. Vessby B, Boberg M, Karlstrom B, et al. Improved met-
abolic control after supplemented fasting in overweight Type II
diabetic patients. Acta Med Scand 1984; 216:67-74.

JOURNAL OF THE NATIONAL MEDICAL ASSOCIATION, VOL. 80, NO. 7, 1988 809


